Objectives: This study was designed to asses left ventricular functions and its relation with hepatosteatosis grade with conventional and tissue Doppler echocardiography in patients with the non-alcholic fatty liver disease. Methods: A total of 32 patients (15 males, 17 females; mean age 50±9 years and) with ultrasonographically diagnosed nonalcholic fatty liver disease and 22 healty subjects ( 11 female and 11 male; mean age: 50±10) without hepatosteatosis were enrolled in this study. Left ventricular systolic and diastolic functions, myocardial performance index and its relation with HS grade were assessed by conventional and tissue Doppler echocardiography. Results: There were no statistically significant charasteristics difference, chambers diameters, standard Doppler parameters and conventional echocardiography parameters between the patients and control groups. Among tissue Doppler parameters the mitral annulus peak early diastolic velocity and ratio of early to late diastolic velocity were lower in patients group than in controls ( p < 0.001, p < 0.001 respectively). Isovolumetric relaxation time (IVRT) and myocardial performance index (MPI) were significantly higher ( p = 0.002, p < 0.001 respectively) in the patient group. There were no significant differences in mitral annuler late diastolic velocity, deceleration time of early diastolic filling, mitral annuler peak systolic velocity, isovolumetric contraction time and contraction time between the two groups. HS grade was positively correlated with the left ventricle MPI index ( r = 0.57 p = 0.001). Conclusions: These results show that left ventricular diastolic dysfunctions in patients with non-alcholic fatty liver disease and degree of hepatosteatosis is associated with left ventricular diastolic dysfunctions.
Introduction
Non-alcoholic fatty liver disease (NAFLD) is increasingly recognized as the most common cause of chronic liver disease in worldwide (1) . The disease is a common clinicopathological condition characterized by significant lipid deposition in the hepatocytes of the liver parenchyma in the absence of alcohol abuse, contributing medications and viral hepatitis. It comprises a disease spectrum that includes variable degrees of simple steatosis, non-alcoholic steatohepatitis and cirrhosis (2) . NAFLD is strongly associated with several cardiovascular risk factors such as obesity, insulin resistance, hypertension, hyperlipidemia, coronary artery disease, obstructive sleep apnea syndrome, oxidative stress, endothelial dysfunction, and metabolic syndrome (3) (4) (5) (6) .
Myocardial velocity determined by tissue Doppler imaging is a technique that has been used in recent years to analyze left ventricular (LV) functions. The development of tissue Doppler imaging opens up the possibility of also assessing left ventricular function (7) (8) (9) (10) . Accordingly, the aim of the present study is to investigate left ventricular functions and its relation with hepatosteatosis (HS) grade using conventional and tissue Doppler echocardiography in patients with NAFLD.
Materials and Methods
NAFLD was diagnosed in 32 individuals by means of ultrasonography data and 22 individuals, whose ultrasonography data did not show HS, comprised the control group were included in the study. The exclusion criteria were as follows: previous coronary artery disease, congestive heart failure, signs of valvular heart disease, pulmonary disease, pulmonary hypertension, left bundle branch block, a rhythm other than sinus and pericarditis. Chronic alcohol consumption (more than 20 g/day), serum hepatitis B antigen or anti-hepatitis C viral antibody positivity, which are known to improve NAFLD, was the other exclusion criteria. All medications were stopped 48 hours before the time of echocardiography. Fasting venous blood samples were taken to determine levels of blood glucose, electrolytes, total cholesterol, high density lipoprotein cholesterol (HDL), low density lipoprotein (LDL) cholesterol and triglycerides. The study was approved by the ethics committee of our hospital and informed consent was obtained from all patients.
Ultrasonography
Abdominal ultrasonography was performed on all study participants by a single experienced physician. We used Hamaguchi (11) scoring system based on hepatorenal echo contrast, liver brightness and deep attenuation, and vascular blurring criteria were used for the evaluation of NAFLD. Fat infiltration in the liver was described in three ultrasonographic stages using published criteria (12,13). The liver was considered to be normal if there was normal hepatic echotexture and normal beam attenuation. Mild steatosis (grade I) was identified by a minimal increase in echogenicity of the liver parenchyma with a slight decrease in definition of the portal vein walls and minimal or no posterior beam attenuation. Severe steatosis (grade III) was identified by grossly increased hepatic parenchymal echotexture that permitted visualization of the main portal vein walls alone. Smaller venules were not visualized, and there was increased posterior beam attenuation. Moderate steatosis (grade II) was identified by hepatic echogenicity, portal venous definition and beam attenuation between mild and severe parameters. According to ultrasonography results, 59% grade I HS, 41% grade II-III HS has been found in patients group.
Echocardiographic evaluation
A Vivid 7 pro echocardiographic unit (GE, Norway) with 3.5 MHz probe was used. All echocardiograms were performed by the same investigator. Echocardiographic study was performed in left lateral decubitus position, with parasternal long and apical 2-and 4-chamber views. Measurements and recordings were made during normal breathing at end-expiration. According to the recommendation of the American Echocardiography Association (14) , diastolic ventricular septal thickness (IVSd), diastolic posterior wall thickness (PWd), and left ventricular end-diastolic dimension (LVEDD) and left ventricular end-systolic dimensions (LVESD) were measured. The sample volume of pulse wave Doppler was placed between tips of mitral leaflets on the apical 4-chamber view and from the transmitral flow tracing, peak velocity of early diastolic filling (E), late filling with atrial contraction (A), E/A ratio were obtained (8) . The mitral annulus peak early diastolic velocity (Em), late diastolic velocity (Am) and systolic velocity (Sm) were measured at the lateral corner of the mitral annulus by the same echocardiographic unit by activating tissue Doppler imaging mode in the apical 4-chamber view. We used the Teichholz method to determine LV ejection fraction. Tissue Doppler imaging (TDI) derived miyocardial performance index (MPI) was calculated for all patients as the sum of the isovolumetric contraction time (IVCT) and isovolumetric relaxation times (IVRT) divided by ventricular ejection time (ET) (15) . The average of the values from the two walls was presented as the mean MPI.
Statistical analysis
SPPS version 13.0 software package was used for statistical analysis. All data with normal distribution were expressed as mean±standard deviation, otherwise median±standard deviation. Chi-square, Fisher's exact test, student t test, and Mann Whitney U test were used where appropriate. Pearson's correlation analysis was used to evaluate relation between the variables. P value of < 0.05 was considered significant.
Results
Clinical characteristics of 32 NAFLD patients (15 males, 17 females; mean age 50±9 years) and 22 control subjects (11 males, 11 females; mean age 50±10 years) are presented in Table 1 . Age, gender, body mass index, diabetes mellitus, dislipidemia, smoking status were not different between NAFLD and control subjects. Additionally, there were no significant differences in terms of laboratory data (Table 1) . When compared in terms of echocardiographic features, both groups were similar in chambers diameters and standard Doppler parameters (Table 2 ). There were no significant differences in conventional echocardiography parameters, E, A, E/A, and DT between two groups. Among tissue Doppler parameters Em (p < 0.001) and Em/Am (p < 0.001) were lower in patients group than in controls. IVRT (p = 0.002) and LVMPI (p < 0.001) were significantly higher, in the patients group. There were no significant differences in Am, EmDT, Sm, IVCT and contraction time between the two groups. Tissue Doppler parameters were presented in Table 3 . HS grade was positively correlated with the LVMPI (r = 0.57 p = 0.001). The correlations between HS grade and echocardiographic parameters are shown in Table  4 .
Discussion
The results of this study indicate that the presence of NAFLD was associated with the occurrence of impaired LV diastolic functions. In addition, evidence reveals that the existence of NAFLD is related to the extent of impaired LV diastolic functions, because NAFLD has been shown to be more common in patients with impaired LV diastolic functions in obesity, insulin resistance, hypertension, hyperlipidemia, coronary artery disease, obstructive sleep apnea syndrome, oxidative stress, endothelial dysfunction, and the metabolic syndrome.
In this study, it has been detected that LV diastolic functions are impaired whereas systolic functions are preserved in patients with NAFLD. In addition, HS grade is positively correlated with the LVMPI. Some authors have reported only impaired diastolic LV functions whereas some others have reported both impaired diastolic and systolic LV functions in patients NAFLD with hypertension, insulin resistance, type 2 diabetes and metabolic syndrome (16) (17) (18) . On the other hand, there has been no study to date exploring the involvement of LV systolic and diastolic functions and its relation with HS grade in patients with the NAFLD. Therefore, our study is important since it is the first study on this subject.
In our opinion, NAFLD is characterized by excessive lipid accumulation in the hepatocytes as well as can lead to lipid deposition in cardiac myocytes at the same time. On account of this, it is thought to promote the development of LV diastolic dysfunction. Our study showed significantly impaired LV diastolic functions and its relation with HS grade in NAFLD, as assessed by tissue Doppler. We could not detect any significant difference between patients with NAFLD and control group in terms of mitral annulus systolic velocities. Thus, this supports the notion that LV systolic functions are not impaired in patients with NAFLD. MPI, a marker of systolic and diastolic function used frequently in recent years. This index was first described by Tei et al (19) . As it is correlated with invasive measurements as well as it is reproducible and easy to perform and it is widely accepted. In coronary artery disease a prolonged MPI (Tei index) has been shown to be an important precursor of the disease before the development of systolic and diastolic dysfunction (20) . The markedly prolonged MPI despite an unchanged mitral annulus systolic velocity in patients with NAFLD group is in accord with the hypothesis that prolonged MPI stems from LV diastolic dysfunction. This method can detect subclinical dysfunction and is superior to conventional procedures.
This study has some limitations. The first limitation was the small sample size. The second was that the diagnostic method depended on ultrasonography and the exclusion of other, secondary causes of chronic liver disease, but was not confirmed by liver biopsy. Although liver biopsy is currently the gold standard for distinguishing NAFLD forms, for assessing the severity of damage and prognosis, NAFLD can be detected as a bright liver on ultrasonography and it is possible to perform routinely. Moreover, liver ultrasonography has proven to be a sensitive, accurate and convenient diagnostic tool in detecting HS. Its sensitivity ranges from 60-94% and its specificity from 84-95% (21).
Conclusion
As a result, it has been detected that LV diastolic functions deteriorates in NAFLD and this deterioration is associated with HS grade.
